Background and aims: Vitamin D is thought to regulate skeletal muscle functions and boost
Accumulating evidence suggest vitamin D plays an important role in a variety of physiological functions such as cardiovascular, neuromuscular and immune functions (Holick 2007 ). The vitamin D receptor (VDR) has been isolated from human skeletal muscle (Bischoff et al. 2001) suggesting vitamin D may have a direct action on the muscle cell.
Vitamin D deficiency has been shown to be linked to catabolic effects on muscle tissue, muscle weakness, and decreased number and size of type II muscle fibers (Glerup et al. 2000; Pfeifer et al. 2002; Sato et al. 2005) . Numerous studies, though not all, have reported a correlation between vitamin D and physical performance (Close et al. 2013; Dubnov-Raz et al. 2014; Fitzgerald et al. 2015; Hamilton et al. 2013; Koundourakis et al. 2014; Wayon et al. 2014 ). Few studies have tested this association in untrained or in active young individuals (Foo et al. 2009; Ward et al. 2009 ). This study investigated whether vitamin D status is related to physical performance in physically active young boys. Physical performance may vary according to several factors including age, maturity status, body composition, and protein and calcium dietary intakes. All these potential confounders were explored in order to control for in data analysis.
Subjects and Methods

Subjects
This cross-sectional study included 125 physically active boys aged 7 to 15 years, recruited from two centers of Tunis Football Academy (Tunisia -latitude, 35° N) between January and March 2014. Participants undergo two hours of school physical activity and two sessions of football training in the academy weekly, with an average duration of football practicing for 12 months. All participants were identified as being free from current injury, and liver, intestinal, renal and bone diseases or cancer. No child was smoker or has been taking drugs D r a f t or supplements for the six months preceding the study. The study was approved by the Institution's Ethics Committee of Rabta Hospital and informed written consent was obtained from children's parents or guardians.
Experimental protocol
Anthropometrical measurements and maturity status assessment Standing height, seating height and body weight was measured and body mass index (BMI) was calculated as weight per height squared (kg/m 2 ). Triceps and subscapular skin folds thickness were monitored with Harperden's skinfold calipers (Baty International, West Sussex, England). Body fat percentage was conducted using the Skinfold equation by Slaughter et al. (1988) . Biologic maturity was calculated using the equation of Mirwald et al. (2002) that incorporates measures of body weight, standing height and seating height. This assessment predicts the time from the peak height velocity (PHV) as a measure of maturity offset. Maturity offset range between "-1", "0" or "+1", before, at the time or 1 yr after maturity, respectively (Mirwald et al. 2002) .
Physical tests
Prior to the beginning of the study, children were familiarized with the technique, equipment and experimental procedures for each test.
Vertical Jump test
The vertical jump test evaluates the lower limbs strength (Bolgla et Keskula 1997) . Vertical jump height (cm) was measured using a digital vertical jump meter (Takei, 5105 Jump MD, Tokyo, Japan). Participants were instructed to stand on the center of a rubber mat with a special digital belt tightly fitted around waist. To avoid the negative work up 90° (lower limb) and to optimize the reliability of the measure, children were forced with the bar below the butt (Gheller et al. 2015) . The belt was connected to the rubber plate by a cord. Before jumping, any slack was removed from the cord, and subjects were instructed to jump vertically using a D r a f t countermovement with arm swing. The take-off was performed with both feet, with no initial steps or shuffling. Three trials of each jump were measured with a 1-minute rest period between trials and the best trial was recorded.
Standing Long Jump test
The standing long jump test was performed according to Eurofit Test Battery (Council of Europe 1988). A start line was determined on a non skid floor and a tape meter was extended from the start line forward. Participants were requested to stand behind the starting line, their toes were away from behind the start line, their arms were on the front in parallel with the floor and knees were bent. Subjects were instructed to push off vigorously and jump forward as far as possible. The participant had to land with the feet together and stay upright. The distance was measured from the starting line to the point where the heel struck the ground upon completing the test. The test was repeated twice and the best score (cm) was recorded.
Triple Hop test
Subjects were instructed to stand in a stepping position behind the starting line with their dominant leg forward. This test was performed by starting behind the start line with only the leg in use touching the ground. The subject hopped three continuous times on the dominant leg to reach the maximal horizontal distance. Measurement was taken from the starting line to the point where the heel struck the ground upon completing the third hop (Bolgla et Keskula 1997). The test was repeated three times, and the best score (cm) for dominant leg was recorded.
Sprint tests
Each subject was asked to run a distance of 20-m in a straight line as fast as possible with a free standing start. Three pairs of photocells were disposed in a straight line; the first one on the starting line, the second on the line of 10-m and the third on the finish line (20-m). The sprint time is registered with photoelectric cells (Microgate SARL, Bolzano, Italy) placed at D r a f t one meter height above ground. Each subject performed two trials with 3-min of recovery between efforts. The best performance was retained for the analysis.
Agility Test
Agility was evaluated with the 4×9-m shuttle run test (Kibele and Behm 2009) . Subjects standing behind a starting line, they started the electronic clock by passing through the first timing gate. At the end of the 9-m section, subjects were asked to step with one foot beyond a marker while reversing running direction and sprinting back to the start where the same reversal of movement direction was required. After the fourth 9-m section, the subject passed through the second timing gate to stop the electronic clock. The best time (sec) of two consecutive trials was recorded for the statistical analysis.
Force trunk
Maximal isometric contraction as a proxy of muscle strength (Koley et al. 2012) was assessed with a back and leg dynamometer (TKK 1858, Takei, Tokyo, Japan). Subjects stood on the dynamometer foot stand and gripped the handle in at proper height and were positioned with body erect and knees bent. They then straightened the knees and lifted the chain of the dynamometer, with the pulling force applied on the handle hands, pulling upwards as strongly as possible with the knees straight and the back at a 30° angle. Subjects completed three trials, the highest score being recorded as the measurement of maximal back strength (kg). A thirtysecond rest interval was provided between each test.
Dietary intake
Dietary intake in children was assessed by using three-day food records (including two week days and one weekend day) combined with a food frequency questionnaire (FFQ), which was completed by the parents. In order to evaluate individual portion sizes, an album of photographs of Tunisian food products was used. Data on daily intake of nutrients were processed using the professional Nutri Pro7 software (CERDEN, Brussels, Belgium). 
Statistical analysis
Data were analyzed using SPSS for Windows (version 18.0; SPSS Inc., Chicago, IL).
Continuous variables were tested for normality using Kolmogorov-Smirnov test. Values are expressed as mean±SD for continuous variables and as percentage for categorical variables.
One way ANOVA was used to compare significant differences between the three groups that used as "Factor". Pearson's correlation test was used to test the relationship between variables. Independent multiple regression models were applied to test association of plasma 25-OHD concentration as response variable with each physical performance parameter while adjusting on potential confounding factors (age, maturity status, BMI, fat mass, protein and calcium intakes). The fit of logistic models were satisfactory. A two-tailed P value less than 0.05 was considered statistically significant.
Results
Main characteristics of the children according to plasma 25-OHD concentration categories are shown in were positively related to the force trunk, vertical jump height and standing jump broad height, but inversely related to 10-m sprint, 20-m sprint and shuttle run times (Figure 1) . In multivariate models, plasma 25-OHD concentration was associated with each physical performance parameter independently of age, maturity status, BMI, fat mass, and protein and calcium intakes (Table 2 ).
Discussion
The study showed a very high rate of hypovitaminosis D with 80% of children having a low Values are expressed as mean ± SD. The significant "P" effect was calculated between the three conditions. D r a f t 
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